This paper uses data from the European Regional Innovation Survey to provide insights into the innovative activity and innovation networking of the most important innovation actors, namely manufacturing firms, p roducer service firms, and research institutes. The innovation capacity of the metropolitan innovation systems differ markedly. In respect to cooperation partners, vertical relationships predominate. Only in Stockholm, research institutes play a significant role assisting innovation processes in manufacturing firms. Spatial proximity of cooperation partners is very important, confirming the concept of territorially based systems of innovation. But at the same time, the actors surveyed cooperate intensively with cooperation partners outside the region.
Introduction
Metropolitan regions are increasingly seen as regional development engines in a globalising world (Huggins 1997) . On the one hand, traditional approaches have explained that metropolitan regions are able to facilitate agglomeration economies in form of urbanization and localization economies to its actors. On the other, they function as gateways to other regions thus linking the local actors with national o r international ones. With respect to innovation, these two aspects are becoming more and more meaningful. The innovative capacity of firms depends not only on own R&D capabilities. The possibilities to cooperate during innovation processes with external p artners like customers, industrial suppliers, producer service firms, research institutes and competitors becomes an important locational factor which reduces risks and uncertainties and leads to collective learning (De Bresson and Amesse 1991 , Lakshmanan and Okumura 1995 , Malecki and Oinas 1998 .
Due to their size, metropolitan regions offer a variety of potential network partners to local firms, ensuring synergies, creating further knowledge and resulting in technological progress.
Besides these agglomeration economies, metropolitan regions are characterised by a high degree of openness. Metropolitan regions are, among others, locations of multinationals, either foreign or domestic, innovative SMEs' and research institutes which are linked to cooperation partners worldwide.
In the case of multinationals, there is a clear tendency for utilizing several home bases instead of one headquarter. That means that multinationals establish a global network of production plants and R&D centres which are closely interrelated. As a consequence, multinationals in a metropolitan region are in a constant exchange of ideas and experiences with outside cooperation partners. Innovative SMEs eg. in biotechnology or telecommunication have to cooperate internationally. The complexity of innovation processes in these two branches forces local firms to have immediate access to leading firms and research institutes. Research institutes itself are very much engaged in international cooperation projects and connected to international science networks.
Besides this general discussion, there are no studies analysing the importance of metropolitan innovation systems with a rigid methodology comparing different metropolitan regions with each other. Using data from the European Regional I nnovation Survey a comparison between the metropolitan innovation systems of Barcelona, Stockholm, and Vienna is provided in this paper with the aim to shed some light into how innovative actors cooperate within metropolitan innovation systems.
In section 2 I will briefly summarise the literature on national and regional innovation systems, introducing metropolitan innovation systems as a specific form of a regional innovation system. Section 3 describes the methodological approach to analyse the firms' innovation and cooperation behaviour and the used data base. Section 4 compares the three metropolitan regions in the European context using official statistics. The results of the innovative performance of manufacturing firms in the three metropolitan innovation systems are presented in section 5. Acknowledging the growing importance of innovation networks section 6 demonstrates the external relationships of manufacturing firms, producer service firms, and research institutes. The final section summarises the results under the light of reorienting regional policy towards innovation stimulation. The results show that even between metropolitan regions profound differences in innovation activities exist. Only in Stockholm, a close interrelationship between the s cience and the business sector can be observed, resulting in higher innovation in -and outputs.
From National to Metropolitan Systems of Innovation
Since the mid-Eighties research about innovation processes is increasingly directed to the analysis of national systems of innovation (Freeman/Soete 1997) . The systems of innovation concept interprets innovation as a systemic and complex process, which is not seen as a linear sequence as in the neoclassical view and does not depend on one single entrepreneur's decisions. Instead, it is accepted that innovation is a result of intensive interactions between different actors within and outside a firm and therefore depends heavily on relationships between the firm and its environment. The business environment influences the firm's innovation activities in two ways. On the one hand, innovative firms are seeking the cooperation of other actors to access information, knowledge and other resources, to exchange experiences and to find jointly adequate solutions. Potential cooperation partners are other firms e.g. customers, suppliers, competitors, service providers and/or research institutes, financial institutions, political decision makers etc. On the other hand, the business environment, which can change in the cour se of time, determines the firm's activities. The social and cultural embeddedness, the institutional and regulatory framework and the existing infrastructure influence entrepreneurial decisions. In this broad sense, innovation is the outcome of an interplay between different actors, whose actions are determined by their environment.
A comprehensive analysis of innovation processes has to include numerous factors. In Edquist's (1997) opinion the concept of innovation systems is the only framework in which innovation processes can be examined: "If we want to describe, understand, explain -and perhaps influence -processes of innovation, we must take all important factors shaping and influencing innovations into account. The system of innovation approach -i n its various forms -is designed to do this. Attempts to understand the structure and dynamics of such systems are at the core of modern thinking about innovation processes" (Edquist 1997, p. 4) .
According to Lundvall, a national innovation system includes "all parts and aspects of the economic structure and the institutional set-up affecting learning as well as searching and exploring the production system, the marketing system and the system of finance" (Lundvall 1992, p. 12) .
Whereas Lundvall (1992) and Nelson (1993) concentrate their analysis on the nation state, increasing attention is paid to the regional level since the mid-Nineties. The recent discussion stresses two aspects (Fischer/Revilla Diez/Snickars/Varga 2001):
• Developed countries need, in o rder to maintain their international competitiveness, innovative and dynamic firms. These firms tend to be concentrated in certain regions where they can find a favourable business environment.
• Innovative firms succeed to link local with national or even g lobal knowledge sources.
They are able to generate new ideas by using their own and external expertise and to transform them into marketable products.
The stronger emphasis on the regional and local level led to a fairly high number of studies about regional innovation systems (e.g. Cooke/Morgan 1998 , Braczyk et al. 1998 , Maskell et al. 1998 . Again, their point of departure is the chain-linked innovation model which emphazises feedback loops and interactions between different actors during innovation processes. The authors transfer the systemic elements of a national innovation system to the regional level. In short, they argue that region-specific conditions and cooperative relationships between different actors influence the regional innovation potential either positively or negatively. They conclude that "Regions which possess the full panoply of innovation organizations set in an institutional milieu where systemic linkage and interactive communication among the innovation actors is normal, approach the designation of regional innovation systems." ( Cooke/Morgan, p. 71) . It would be wrong to interpret regional innovation systems as being isolated from the national and/or the international context. The national scale continues to be crucial in setting important framework conditions like laws, and investment e.g. in research and education. The international scale gives important impulses about potential markets and the development of new products, it also provides knowledge from outside the region (Revilla Diez 2000) .
Recent studies about the spatial distribution of innovation activities show that metropolitan regions have a high innovation potential (e.g. BMBF 2000 for Germany, Brouwer et al. 1999 for Netherlands, Varga 1998, Anselin/Varga/Acs 1997 for the U SA). For example, Audretsch/Feldman (1999) proved empirically that cities and especially metropolitan regions are the most important locations for innovations. 96 % of all registered product innovations were generated in metropolitan regions. Furthermore, Audretsch/Feldman (1999) present empirical evidence for Jane Jacobs' argument that diversity fosters innovation. They found that sectoral specialisation on a small number of branches has a negative effect on the regional innovation output level. Metropolitan regions which generally are characterized by a diverse economic structure achieve significantly higher innovation outputs (Audretsch/Feldman 1999 For these reasons metropolitan regions can be interpreted as metropolitan innovation systems.
Technology oriented firms need in order to find innovative solutions a minimum of locational advantages which can only be found in metropolitan innovation systems. Of central importance is the availability of cooperation partners within but also outside the metropolitan innovation system (Davelaar/Nijkamp 1989 , Harrison et al. 1996 . To mention are industrial suppliers and customers, producer service firms, and research institutes. On the base of this short theoretical discussion, the empirical analysis is directed to the following questions:
1. How does the innovation capacity and performance across the metropolitan innovation systems surveyed differ in comparison to the EU?
2. How different is the innovative capacity of the manufacturing firms across the metropolitan innovation systems surveyed?
3. How important is external cooperation for manufacturing firms, producer services and research institutes and to what extent does spatial proximity matter for cooperation networks?
4. What is the role of producer service firms within metropolitan innovation systems? Do they differ in their own R&D capacities and in the way in which they support manufacturing firms' innovation activities across the case study regions?
5. How important are research institutes for businesses within metropolitan innovation systems?
Methodology -The European Regional Innovation Survey (ERIS)
Since the 1970's numerous innovation and network studies were conducted on a national and regional scale. But, a basic problem is their lacking comparability. All these studies present interesting insights into innovation processes, their different focus on product or process In a joint project between the University of Hannover, the University of Cologne, the to obtain a detailed insight into the research and network activities of the research institutions, i.e. universities and other research institutions, the questionnaire was sent to the departmental level, or, if these units were too large, to the level of research groups.
Basically the same actor-specific questionnaires were used in all the regions surveyed, garanteeing a high degree of comparability (Fritsch et al., 1998 Leitha, Gänserndorf, Korneuburg, Mödling, Tulln and Vienna Umgebung. Table 1 gives an overview on sample sizes and response patterns. Overall, the survey data in the metropolitan regions surveyed is a good representation of the total population.
The Metropolitan Innovation Systems Barcelona, Stockholm, and Vienna in the European context
The three metropolitan innovation systems surveyed vary significantly in their innovative capabilities. However, these differences are already clear when one compares the national innovation systems. Table 2 summarizes the strengths and weaknesses of the three national innovation systems. With respect to innovation, Sweden is the most successful country.
Sweden reaches the top position in the EU with respect to the gross expenditure i n R&D and number of researchers per 1,000 labour force. The private sector is the driving force within the national R&D system. Nearly 68 % of all expenses in R&D come from the business sector. As a result, the Swedish patent applications at the European Patent Office are twice as high as the European average. Interestingly, in Sweden foreign ownership of domestic inventions is lower than in Austria and Spain, but at the same time Swedish ownership of inventions made abroad is markedly higher than in the two other countries. This shows, on the one hand, that the Swedish R&D system has a solid base within the country, but on the other hand that Swedish multinationals are highly competitive in an international perspective, able to control inventions outside the country.
With respect to innovation indicators, Austria follows second. Although it achieves one of the highest per capita incomes within the European Union, its R&D system shows several weaknesses. Not only is the input in R&D measured as the share of gross expenditure in R&D below the EU average, but the active participation of the business sector in R&D activities is also very limited. Contrary to Sweden, the public R&D system plays a leading role in the innovation system. The high proportion of forei gn ownership of domestic inventions demonstrates the attractiveness of Austrian research capacities for multinationals.
But at the same time it illustrates the heavy dependence of the Austrian innovation system on foreign R&D efforts. Austrian firms are not able to control inventions abroad in a substantial manner. As a whole, the Austrian R&D system is not able to achieve high innovative outputs.
The patent indicator clearly underlines the weak position in international standards.
The Spanish innovation s ystem clearly lags behind the two other countries. The Spanish economy has been able to achieve high economic growth rates since its membership in the EC. This catching-up process was, among other factors, heavily based on foreign investment.
But Spain is still not reaching the EU average in terms of per capita income. In comparison to
Sweden, which can be labelled as an inventor country, the Spanish economy is much more an applier of new knowledge, whereas Austria lies in between. The Spanish indicators on R&D expenditure lay significantly below the EU average. Like the Austrian case, the participation of businesses in R&D is rather low, resulting in a high proportion of foreign ownership of domestic inventions. Using patent data, the distance from the knowledge and technology intensive economies is even bigger.
The differences revealed on the national level continue to be present on the regional level (see table 3 ). The metropolitan innovation system of Stockholm seems to be much more innovative than the m etropolitan innovation systems in Vienna and Barcelona. The strengths of the Stockholm innovation system can be seen in the high number of patent applications at the European Patent Office. One explanation could be the expenses in R&D which are two times h igher than in Vienna or in Barcelona. Another explanation can be derived from the much higher qualification levels of the population in the metropolitan region of Stockholm.
38 % of the population aged 25-64 have completed a university-level education. As a consequence, the business enterprise scientists and researchers are, relatively, much more numerous in Stockholm than in Vienna and Barcelona.
The metropolitan system of Vienna follows in term of innovativeness. The per capita income is significantly higher than in the two other metropolises. But the R&D output measured in patent applications demonstrates that the former knowledge centre in Europe has declined in importance. The weak contribution of the private business sector to the metropolitan innovati on system is expressed in low business expenditures in R&D.
Surprisingly, the proportion of highly qualified work force is even lower than in the metropolitan region of Barcelona.
The metropolitan system of Barcelona is the leading Spanish region in business R&D, but in the international perspective this position has to be relativized. The region was quite successful in attracting foreign investments and in achieving high economic growth after the Spanish entry to the EC in 1986. In only 10 years the region succeed in reaching the European average in per capita income. The innovative output measured in patents is still far behind the leading European regions, comparable to the output of the Vienna metropolitan system. The greatest factor impeding a higher i nnovative performance is the weak business sector. But the efforts towards improving the higher education system seem to be paying off.
The proportion of university-level qualified work force is already higher than in Vienna.
Innovation performance of manufacturing firms
The differences observed so far with the help of official statistics are confirmed by the ERIS.
The innovation capacity of the manufacturing firms surveyed differs significantly between the three metropolitan innovation systems. Differences not only across industrial branches but also within the branches are notable (see table 4 ). The innovation performance of manufacturing firms was measured by input-and output indicators. When input indicators like the R&D personnel and the R&D expenditure ratio are analysed, the manufacturing firms in the metropolitan regions of Vienna and Stockholm realise much higher R&D inputs than the firms in the metropolitan region of Barcelona. The differences become very clear in the case of high-tech sectors, reflecting the backwardness of the metropolis in southern Europe.
In all the three regions, the highest R&D personnel ratio can be found in the sector of electrical and optical equipment. But again, the Barcelonese figure is less than half as high as in the two other regions. With respect to R&D expenditure ratio, the picture across the regions is more diffuse. In the metropolitan region of Barcelona the food industry is the most R&D intensive sector. The food sector in Barcelona is one of the few sectors in which domestic firms reach international competitiveness by its own R&D capabilities and strategies. In Stockholm, the industrial sector of machinery and transport equipment, one of the major industrial sectors of the Stockholm economy, and in Vienna, the sector of electrical and optical equipment, are the most R&D intensive in terms of R&D expenditure. Besides these branch differences, the size of the manufacturing firms influences the R&D input levels. Whereas in the metropolitan systems of Stockholm and Vienna large firms with more than 500 employees reach the highest R&D input levels, in Barcelona it is the small and medium sized firm with less than 100 employees. The relatively poor commitment of large firms in Barcelona to R&D is a consequence of the low number of domestic multinationals.
The number of multinational headquarters is distinctly higher in Stockholm and Vienna.
The overall innovation capacity of the manufacturing firms has also to be discussed as well in terms of output indicators like the innovation rate or the share of turnover by product innovations (see table 5 ). Contrary to the results obtained so far, the manufacturing firms in Barcelona achieve the highest number of new product developments, followed by Stockholm and Vienna. With respect to the share of turnover by product innovations, the metropolitan region of Vienna becomes the most innovative, followed by Barcelona and then Stockholm.
The relatively good results for Vienna and Barcelona are the consequence of the initiated catching up process. In the past decades, as shown earlier, these two regions did not belong to the most innovative regions in Europe. The increased competition since their membership in the European Union has forced the firms to invest more in R&D in order to improve product quality and to develop new products.
The role of external cooperation and spatial proximity

Manufacturing firms cooperation networks
The two most important research goals of the empirical surveys in the three metropolitan regions were to detect on a representative level the importance of external cooperation in innovation processes and the role of spatial proximity for such innovation cooperation. The importance of spatial proximity in innovation networks in respect to metropolitan innovation systems is directly linked to two questions. First, whether the innovative firms make use of the local knowledge sources by cooperating with different actors in the region so that the metropolitan region can be regarded as a "breeding" place for innovations, and second, whether metropolitan regions fulfil a bridging function between the local a nd national economy and between the internationally most competitive regions in the world. As discussed in the introduction, metropolitan regions are increasingly seen as global, national and regional development engines. The importance of the metropolitan regions of Barcelona, Vienna and Stockholm for the national and regional economies is undoubtedly high.
In order to analyse the "breeding" and gateway function of metropolitan regions, the external cooperation links of manufacturing firms, producer service firms and research institutes are surveyed. Table 7 shows that all three metropolitan innovation systems have a high degree of openness. Overall, the location of the cooperation partners of all the actors surveyed, demonstrates that cooperation partners are almost evenly distributed over the three regional levels (metropolitan, national, international). This indicates that the actors within a metropolitan innovation system are able to combine local with external knowledge sources, either on a national or international level. In contrast to this general picture, manufacturing firms in Barcelona tend to cooperate more intensively with local partners, in Stockholm with partners at the national level, and in Vienna with international partners. The strongest outward orientation is visible at research institutes which are linked mostly to national and international knowledge sources. Interestingly, the regional cooperation pattern of producer service firms depends heavily on the type of cooperation partner. If p roducer service firms cooperate with manufacturing firms, a stronger national or international orientation can be deduced. If the producer service firms cooperate with research institutes the metropolitan level becomes more important.
The role of producer service firms in manufacturing firms innovation processes
Producer service firms play a very crucial role supporting innovation activities in industry. In the metropolitan region of Vienna, producer service firms are the most important external cooperation partner for the manufacturing firms surveyed; in the metropolitan regions of Stockholm and Barcelona they follow second in importance after customers. This illustrates that producer service firms take a leading position within an innovation system. Their innovative capabilities and capacities are decisive for the functioning of an innovation system, whether it is on the national, regional or local scale. As in the case of the manufacturing firms, the innovative performance of the producer service firms surveyed was analysed by numerous indicators (see table 8 ). Again, similarities and differences across the metropolitan regions can be distinguished. When input indicators like R&D expenditure or the R&D personnel ratio are used, common features of the analysed knowledge intensive business services prevail. According the mentioned input indicators, the two most important service sectors are the sector of computer software and of technical consultancy. In the metropolitan region of Stockholm, the sector o f computer software achieves the highest R&D inputs for both indicators. In the metropolitan region of Barcelona, the R&D expenditure ratio is highest in computer software, the personnel ratio in technical consultancy. In the metropolitan region of Vienna, technical consultants are the most R&D intensive service firms. Compared to Stockholm and Barcelona, the Viennese computer software firms fall behind in terms of R&D inputs. With respect to firm size, it can be stated that in Stockholm and Barcelona small firms with less than 20 employees reach the highest input indicators.
Only in Vienna is the highest personnel ratio reached by firms with 50 to 249 employees.
The importance of research institutes assisting firm's innovation activities
Overall, it i s necessary to relativise the outstanding importance of research institutes in business innovation processes that is often stated in the literature on the subject (Revilla Diez 2000). The results of the survey clearly showed that vertical cooperation partners, such as buyers and suppliers, and also producer service firms, hold a higher status in the support of business innovation processes than research institutes do. Additionally, the survey impressively proves that, in contrast to the hypothesis, as far as business cooperation partners are concerned, it is above all the medium-size and large firms that are the favoured cooperating partners. Small businesses are not reached by the research institutes. If manufacturing firms cooperate with research institute s, they demonstrate a higher preference for neighbouring institutions.
Research institutes themselves cooperate intensively on a national and international scale.
The active participation in international science networks allows them to fulfil the gateway function. Through their contacts they are able to diffuse internationally available information and knowledge to local firms.
Despite this general picture, differences across the three metropolitan innovation systems are profound. In contrast to Vienna and Barcelona, manufacturing firms in Stockholm make use of research institutes in a significant way (see table 9 ). Especially large manufacturing firms with more than 500 employees were the most important cooperation partners for the Stockholm research institutes. In Vienna, the large manufacturers are the preferred cooperation partners of research institutes. Only in Barcelona do research institutes cooperate intensively with small manufacturing firms with less than 100 employees. Taking into consideration t he high number of large multinationals in Barcelona, this result shows that local research units are not able to provide knowledge resources to these global players. In other words, the most important factor for locating in Barcelona is for them not the knowledge base found in local research institutes. 
Summary
The analysis of the three metropolitan regions Barcelona, Vienna and Stockholm provides interesting insights into the innovative activity and innovation networking of the most important actors within regional innovation systems. Across the three metropolises, similarities but also differences are visible. With respect to the five research questions raised in chapter 2 the obtained results can be summarized as follows:
First, the innovative capacity of the metropolitan innovation systems differ markedly, reflecting the differences already visible in a comparison of the national innovation systems.
Across Europe, the metropolitan region of Stockholm is one of the most innovative regions, basically based on business R&D activities. In Vienna, a former world leader in respect to innovations, the R&D performance is very much concentrated in the science sector. Local shown that regional policy is more successful in stimulating existing innovation potentials and not so much in developing innovative regions from the very beginning (Sternberg 1994) .
However, the Stockholm example provides interesting insights into an innovation-and technology-oriented national and regional policy.
The Swedish national and regional R&D promotion policy has shifted from the linear to the chain-linked innovation model. It stresses the need to improve the in-house R&D capabilities via well qualified personnel and external cooperation. The higher quality of human resources in Swedish firms, expressed in a higher proportion of R&D personnel and personnel with academic training, enlarge the firms innovation potential. The higher number of capable "heads" facilitates learning processes within a firm and increases the absorptive capacity for firm-external knowledge.
In order to improve innovation capabilities, the Swedish national and regional technology policy tries to encourage closer links between firms and research institutes. This does not mean the opening of an additional t ransfer agency as in many other countries. Here, on the one hand private firms and on the other hand public research institutes jointly establish Undoubtedly, the metropolitan innovation system of Stockholm is a positive example of the advantages of innovation networking, resulting in an improved competitiveness, higher innovativeness and dynamic economic performance. Although cooperation between industry and public research institutes cannot be forced, the Stockholm experience might be motivating other firms and regions to follow with a similar approach.
